Purpose Persistent oral human papillomavirus (HPV) infection increases risk for oropharyngeal carcinoma, and people living with HIV have higher rates of oral HPV infection and related cancers. Some prescription medications have immunomodulatory effects, but the impact of medication use on oral HPV natural history is unknown. Methods Scope Ò oral rinse-and-gargle samples were collected semi-annually from 1,666 participants and tested for 37 types of oral HPV DNA using PCR; 594 HPV-infected participants with 1,358 type-specific oral HPV infections were identified. Data were collected on recent (past 6 months) use of medications. The relationship between medication use and oral HPV clearance was evaluated using Wei-Lin-Weissfeld regression, adjusting for biologic sex, prevalent versus incident infection, age, HIV status and CD4? T cell count. 
Abstract Purpose Persistent oral human papillomavirus (HPV) infection increases risk for oropharyngeal carcinoma, and people living with HIV have higher rates of oral HPV infection and related cancers. Some prescription medications have immunomodulatory effects, but the impact of medication use on oral HPV natural history is unknown.
Methods Scope Ò oral rinse-and-gargle samples were collected semi-annually from 1,666 participants and tested for 37 types of oral HPV DNA using PCR; 594 HPV-infected participants with 1,358 type-specific oral HPV infections were identified. Data were collected on recent (past 6 months) use of medications. The relationship between medication use and oral HPV clearance was evaluated using Wei-Lin-Weissfeld regression, adjusting for biologic sex, prevalent versus incident infection, age, HIV status and CD4? T cell count.
Results Out of 11 medications examined, oral HPV clearance was significantly reduced in participants reporting recent use of antipsychotics (HR 0.75, 95% CI 0.57-0.99), anxiolytics/sedatives (HR 0.78, 95% CI 0.63-0.96) and antidepressants (HR 0.82, 95% CI 0.67-0.999). Among antipsychotics users, effect modification by HIV status was observed, with reduced clearance in HIV-infected (HR 0.67, 95% CI 0.49-0.91), but not HIV-uninfected participants (pinteraction = 0.009). After adjusted analysis, antipsychotic use remained significantly associated with reduced oral HPV clearance overall (aHR 0.75, 95% CI 0.57-0.99), and when restricted to only HIV-infected participants (aHR 0.66, 95% CI 0.48-0.90). After adjustment, anxiolytic/sedative use and antidepressant use were no longer significantly associated with reduced oral HPV clearance. Conclusions Some medications were associated with decreased oral HPV clearance, most notably antipsychotic
medications. These medications are prescribed for conditions that may have immunomodulating effects, so characteristics of underlying illness may have partially contributed to reduced oral HPV clearance.
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Background and rationale
Persistent oncogenic oral human papillomavirus (HPV) infection is the presumed precursor for HPV-related oropharyngeal squamous cell carcinoma (OPSCC), but risk factors for oral HPV persistence are poorly understood [1] . Several commonly prescribed medication types have immunomodulatory effects, either as part of their primary therapeutic activity or as a side effect, including: antidepressants [2] , antipsychotics [3] , sedatives/anxiolytics [4] , antiasthmatics [5] , antihypertensives [6] , cholesterol-lowering medications [7] , hormonal treatments [8] , erectile dysfunction drugs [9] and diabetes medications [10] . It is therefore possible that these medications may impact oral HPV natural history, although this question has not been previously investigated. People living with HIV (PLWH) have 2-3 times higher oral HPV prevalence than HIV-uninfected individuals and are commonly taking multiple medications, in addition to antiretroviral therapy (ART) [11] . In a cross-sectional study of PLWH in the Southern USA, 93% were receiving at least one non-ART medication, including antihypertensives (43%), lipid-lowering agents (34%) and antidepressants/ antipsychotics/anxiolytics (34%), and the median number of medications per patient was 8 (IQR: 6-11) [12] . Indeed, as people are living longer with HIV, the diagnosis and treatment of age-related chronic conditions is increasing [13] . HIV-related immunosuppression, such as lower CD4? T cell counts, may facilitate oral HPV persistence by attenuating immune responses to HPV [14] . However, it is unclear whether immunomodulatory medications may also play a role. Given the high prevalence of polypharmacy and oral HPV infection among PLWH, we conducted a study to investigate whether medication use may impact oral HPV natural history among individuals with and without HIV.
Methods

Study design and study population
From 2010 to 2014, 1,666 participants were enrolled in the ''Persistence of Oral Papillomavirus Study'' (POPS), a longitudinal study of oral HPV natural history. POPS was nested within two ongoing observational studies of men and women with or at risk for HIV: the Multicenter AIDS Cohort Study (MACS) and the Women's Interagency HIV Study (WIHS) [15, 16] . POPS participants were enrolled at six study locations: Baltimore/DC (MACS), Los Angeles (MACS), Pittsburgh (MACS), Brooklyn (WIHS), Bronx (WIHS) and Chicago (sites for MACS and WIHS). Each study center's Institutional Review Board approved the study. All participants provided written informed consent.
Data collection
At each semi-annual POPS visit, a 30-s Scope Ò oral rinseand-gargle sample was collected to obtain oral exfoliated cells which was tested for 37 types of HPV DNA. A blood sample was also obtained, from which HIV status and CD4? T cell count were determined. At each visit, participants completed a structured interviewer-administered questionnaire about their medication use in the past 6 months [17] . Data were collected on recent medication use, which was then grouped into the following 11 medication types: antiasthmatics (steroidal and nonsteroidal), antidepressants, antihypertensives, antipsychotics (used to treat schizophrenia, bipolar disorder and related psychotic disorders), anxiolytics/sedatives (used to treat anxiety, sleeping disorders, epilepsy, alcohol withdrawal, muscle spasms and other conditions), cholesterol-lowering medications, diabetes medications, hormones (including hormone replacement therapy or hormones used to treat thyroid disorders, but excluding birth control hormones), nonsteroidal anti-inflammatory drugs (NSAIDs) and erectile dysfunction medications (men only). For analysis, anxiolytics and sedatives were combined into a single medication group. Other types of medications, such as HIV-related medication, were not explored as part of this analysis.
Oral HPV detection and genotyping
Oral rinse samples were tested for 37 types of HPV DNA using a polymerase chain reaction (PCR) assay, followed by reverse line-blot hybridization (Roche Molecular Systems, Pleasanton, CA) [18] . Each sample was evaluated for the presence of high-risk/oncogenic types (16, 18, [19] [20] [21] . Prevalent oral HPV infection was defined as any type-specific oral HPV infection detected at study enrollment. Incident infection was defined as any newly detected HPV type-specific infection that was preceded by at least one visit where that HPV type was not detected.
Clearance was defined as two consecutive HPV-negative oral rinses, with time of clearance as the visit of the first negative oral rinse sample. A secondary less conservative definition of clearance was considered, requiring only one HPV-negative oral rinse sample, but as results were similar with both clearance definitions, these results are not shown.
Statistical analyses
The units of analysis were type-specific oral HPV infections. Some participants were infected with multiple HPV types at the same visit. The effect of each medication type on oral HPV clearance was modeled using Wei-LinWeissfeld regression models, accounting for within-participant clustering of HPV infections [22] . First, the effect of each medication was considered in separate univariable models. Then, concomitant use of medication pairs was modeled for each of the medications that were commonly used in this study to assess whether use of both medications together was associated with time to clearance, as compared to using none or only one of the medications. For medications associated with clearance, the number of total medications concurrently used was evaluated to determine whether a greater number of medications used increased the strength of association with clearance. The final multivariable model adjusted for biologic sex, prevalent versus incident HPV infection, age (\45, 45-54, C55 years), HIV status and CD4? T cell count (C500, \500 cells/lL). Analyses were performed using Stata 12 [23] . Statistical significance was defined by a two-sided p value \0.05.
Results
Participant characteristics
Of 1,666 participants, 594 HPV-infected participants with 1,358 type-specific oral HPV infections were identified. Half of participants (54%) were men, 55% were of black race and the median age was 50 years ( Table 1 ). The study included 168 (28%) HIV-uninfected individuals and 426 (72%) people living with HIV (PLWH), most (81%) of whom were on current antiretroviral therapy (ART) and had CD4? T cell count C500 cells/lL (50%).
At time of first oral HPV detection, most participants (84%) reported using at least one medication, not counting ART or prescription erectile dysfunction medications (which were used by 17% of men). Among 594 HPVinfected study participants, the most commonly used prescription drugs were anti-hypertensives (39% of participants), NSAIDs (39%), cholesterol-lowering drugs (27%), antidepressants (25%) and anxiolytics/sedatives (21%) (Fig. 1) .
Concurrent use of two or more medications was reported by 34% of participants. The most commonly used medication classification pairs were: cholesterol-lowering and hypertension medications (15% of all study participants), hypertension and diabetes medications (9%), cholesterollowering and diabetes medications (7%) and antipsychotics and antidepressants (7%) (Fig. 2) .
Effect of medication use on time to oral HPV clearance
Oral HPV clearance was evaluated over 18,465 personmonths of follow-up. Median time to clearance of oral HPV infection was 6.3 months (IQR: 5.9-12.1). In unadjusted analyses, reduced oral HPV clearance was significantly associated with recent use of three of the 11 medication classes evaluated: antipsychotics (HR 0.75, 95% CI 0.57-0.99), anxiolytics/sedatives (HR 0.78, 95% CI 0.63-0.96) and antidepressants (HR 0.82, 95% CI 0.67-0.99) ( Table 2 ). Use of erectile dysfunction medications was marginally associated with reduced oral HPV clearance (HR 0.77, 95% CI 0.58-1.01). No other medication class was significantly associated with oral HPV clearance.
Among users of antipsychotics, there appeared to be effect modification by HIV status (p-interaction = 0.009), with reduced clearance in PLWH (HR 0.67, 95% CI 0.49-0.91), but not HIV-uninfected participants (HR 1.38, 95% CI 0.88-2.17) ( Table 2) . Although statistically significant, the numbers of HIV-uninfected participants reporting use of antipsychotics at time of oral HPV detection was small (13 infections among 10 people), which limits interpretation of this possible interaction by HIV status. Use of anxiolytics/sedatives and antidepressants was more common among HIV-uninfected than PLWH in this study, and the associations of these medications did not differ by HIV status (p-interaction = 0.99 and 0.81, respectively).
After adjusting for the effects of biologic sex, prevalent versus incident oral HPV infection, age, HIV status and CD4? T cell count measured at the visit of oral HPV detection, antipsychotic use remained significantly associated with reduced oral HPV clearance (aHR 0.75, 95% CI 0.57-0.99) overall and when restricted to only HIV-infected participants (aHR 0.66, 95% CI 0.48-0.90), but not among HIV-uninfected participants (aHR 1.62, 95%CI 0.96-2.73, p = interaction = 0.009). After adjustment, anxiolytics/ sedatives (aHR 0.89, 95% CI 0.73-1.07), antidepressants (aHR 0.89, 95% CI 0.71-1.11) and erectile dysfunction medications (aHR 0.78, 95% CI 0.59-1.05) were no longer statistically significantly associated with oral HPV clearance. We were underpowered to explore risk factors separately for oncogenic and non-oncogenic oral HPV infection; when explored, though not statistically significant, all three medication classes associated with reduced overall oral HPV clearance (antipsychotics, antidepressants and anxiolytics/ sedatives) remained associated with both reduced oncogenic and non-oncogenic oral HPV infection clearance.
Concomitant medication use
Of the participants using antipsychotics, 67% also reported use of antidepressants and 29% also reported use of anxiolytics/sedatives at time of oral HPV detection. When evaluating concurrent use of these three medication classes in unadjusted analyses, participants who reported recent use of all three medications had the greatest reduction in clearance (HR 0.57, 95% CI 0.35-0.94), followed by participants who used any two of these medications (HR 0.73, 95% CI 0.55-0.96) or only one of these three medications (HR 0.83, 95% CI 0.69-1.00), as compared to participants who used none of these medications (ptrend = 0.002) (Fig. 3) . After adjustment for other risk factors, concomitant use of antipsychotics, antidepressants and anxiolytics/sedatives remained marginally associated with reduced clearance, with increasing number of psychotropic medications used being associated with significantly higher likelihood of decreased clearance (ptrend = 0.04), and no interaction by HIV in this association. Concomitant use of other types of medications (i.e., commonly paired medications) was not significantly associated with oral HPV clearance.
Discussion
While most medications did not affect oral HPV clearance, use of antipsychotics, antidepressants and anxiolytics/sedatives was observed to decrease oral HPV clearance with stronger effects when used concomitantly. The mechanisms by which these medications reduce oral HPV clearance remain unclear, but may be due to immunomodulatory effects of the medication or the underlying illness being treated by the medication. However, other immunomodulatory medications examined (i.e., steroidal antiasthmatics) did not affect oral HPV clearance, suggesting the possibility of other explanatory factors.
The immunomodulatory effects of antipsychotics, which are used for treatment of schizophrenia or bipolar disorder, have been consistently reported, and may explain the reduced oral HPV clearance observed among users of these medications [3] . It is also possible that All participant characteristics are from the time of oral HPV detection b Prevalent infection was defined as oral HPV detected at POPS enrollment. Incident infection was defined as newly detected oral HPV preceded by at least one HPV-negative oral rinse. Some participants had prevalent infection, followed by incident infection of another HPV type that was included in the analysis c Baltimore, Los Angeles and Pittsburgh study sites enrolled men only (MACS). Bronx and Brooklyn study sites enrolled women only (WIHS). Chicago study site enrolled both men and women reduced oral HPV clearance was associated with immune dysregulation, which is known to be associated with psychotic diagnoses such as schizophrenia and bipolar disorder [24] or by biological or behavioral factors unique to individuals with these disorders. This study assessed medication use only, and we were unable to confirm diagnoses or the specific disorders that these medications were used to treat.
In this study, recent use of antidepressants and benzodiazepines (a major class of anxiolytic/sedative medications) also appeared to reduce oral HPV clearance, although the effect was not as strong as that observed with use of antipsychotics. It is possible the immunomodulatory effects of these medications, or the inflammatory response from conditions treated with these medications, such as depression [2, [25] [26] [27] [28] [29] , or anxiety and stress-related disorders [4, 30] may influence oral HPV clearance, although associations were not statistically significant in adjusted analysis.
This study had several strengths and limitations. Strengths of this study included the large population size, longitudinal follow-up and centralized testing of oral HPV infection. In addition, detailed information on medication use was collected prospectively on validated survey instruments administered by experienced research staff who participants knew well. Medication use was self-reported and we cannot exclude the possibility of misreporting/misclassification and heterogeneity in medications within classes. Data on dose, frequency and adherence of medication use were not available. Our analysis does not take into consideration differences in drug formulations or specific medications within each drug class. 
Conclusion
In summary, we found significantly reduced oral HPV clearance in participants using antipsychotic medication with potential differential effects by HIV status although these results should be interpreted with caution as the numbers were limited and mechanisms of action are unclear.
